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The  clarification  of  the  mechanisms  of  potentiation  and  de> 
potentiation  of  the  effects  of  bacterial  toxins  lr.  tha  organism 
la  a  eery  important  problem  in  the  pathology  of  infections;  yet,  up 
to  now,  this  question  still  remains  insufficiently  explained. 

According  to  bibliographical  data,  it  has  been  established 
solely  with  relation  to  tetanus  and  botuliea  that  their  pathogenio 
effect  increases  considerably  following  a  parenteral  administration 
of  thaae  toxins  togather  with  heterogenic  proteins  (blood  serum, 
gelatin,  peptone,  trypsin,  etc.),  further  investigations  proved 
that  the  potentiation  effects  of  the  discussed  toxins  are  neither 
accompanied  by  an  lncreaee  of  their  quantities  in  the  affected 
organism,  nor  by  a  development  oi  new  toxic  products.  The  authors 

1)  -  presented  December  17,  1997,  at  a  commemoration  of  the  scisn- 
tifio  oonfertnoe  of  llnd  Hoeco?  Medical  Institute,  dedicated 
to  1. 1.  PIROGOY . 
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assume  that  tha  reason  for  similar  intensification  la  a  reduced 
destruction  of  th#  toxin  when  administered  with  a  protaiotaod  a 
preservation,  fey  tha  lattar,  of  a  wide  araa  of  aotivity.  However, 
non*  of  the  author*  linked  tha  potantiatlon  pbenoaenon  with  baelo 
point*  of  th*  adaptation  of  toxin*  in  tha  organlaa,  nor  with  auoh 
disorders,  whieh  inevitably  emerge  aa  a  raault  of  th*  loaa  of 
'unction*  In  af footed  organa. 

It  1*  known  that  feotullnal  toxin  exclude*  mainly  the  cholin¬ 
ergic  aaotlona  of  the  nervous  system,  while  tha  adrenergic  neural 
effwotc  ar*  preserved.  A  parenteral  adalniatratlon  of  protein  with 
apwclaa  of  feaoterlal  origin  loads  to  a  notable  stimulation  of  the 
adrenergic  section  of  th*  nervous  system  and  to  th*  hyperadranalaaia. 

In  order  to  explain  th*  degree  of  intensity  of  adrenergio 
prooeaeee  in  th*  dynamics  of  feotullnal  intoxication  and  the  offsets 
of  their  ertifioial  activation,  also  tha  inhibition*  upon  tba 
phenomenon  of  tha  potantiatlon  notion  of  feotullnal  toxin,  wa  par* 
formed  tha  following  investigational  ft  determination  of  disorder* 
in  activities  of  the  organa,  whose  functional  capacity  wee  secured 
fey  chemical  agents,  euch  as  -  aoetylchollne  and  eympathln  in  th* 
oaa*  of  feotullam  of  th*  A  and  B  types)  2)  how  do  th*  activations 
of  pharmacologloal  preparations  of  adrenorsaoting  and  cbolinere- 
actlng  systems  reflect  themselves  in  th*  survival  ox  anlmale  fron 
feotuliaa  type  A  and  B»  3)  the  explanation  of  th*  role  eeeused  by 
certain  hormone*  of  tha  hypophysial-adrenalin  system  (ACTS  of 
oortlsone)  with  relation  to  the  phenomenon  of  th*  potentiation 
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motion  of  botolinal  toxin. 


InToetlgatlon  Methods  , 

The  experiments  mere  performed  on  froga,  rabbite,  cats  and 

rata. 

la  lareettgated,  an  froga,  the  diaordara  in  automatic  aotiri- 
tiaa  of  the  urina  bladdar  and  atoaacb  due  to  botuliaa.  f«  aaleotad 
tbaaa  organa  for  thia  raaaon  that  (aooording  to  bibliographical 
data)  autonatio  oontraotiona  of  tba  urina  bladdar  are  saourad  by 
t&a  oiraulation  of  adranalln  in  tba  blood  and.  analogous  type  of 
tha  atoaaob  oontraotiona  -  by  acatylobolina.  first,  «a  adminis- 
tarad  to  animals  botulinal  toxin  typa  A  (1  aouaa  Din  »  C.0005  mg 
of  dry  toxin)  and  typa  B  (1  aouaa  Di»  •  0.001  ag  of  dry  toxin). 

froga  received  thair  toxle  injection  into  tba  apinal  lyaphatlo 

k 

aac  in  a  quantity  of  2.000  to  4.000  aouaa  Ola  unlta.  On  tha  aaoond 

or  third  day,  a  heavy  intoxication  of  froga  followed  while  tbay 

vara  kept  at  room  taaparatura. 

*  ) 

Tba  axpariaanta  on  froga  '  vara  myriad  out  from  tba  firat 
through  tba  seventh  day  aftar  inoculation.  Consequently ,  tba  aniaala 
manifested  a  oollapaa  of  tba  brain  and  of  tba  spinal  cord.  With  tba 
diaaaction  of  tba  abdominal  cavity,  it  aas  reveelsa  that  the  apex 
of  tba  urinary  bladdar  and  tba  pylorio  aaotion  of  tha  atoaacb  be¬ 
came  connected  by  maana  of  aarpiginoua,  diatinot  tuoulea.  Tba  con¬ 
tractions  of  tba  investigated  organ a  wars  traced  on  a  slowly 
rotating  kymograph.  Tba  preparations  wars  frequently  humectated  with 

•)  -  Student  7.  0AT1  participated  in  eome  experiments  on  froga. 
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KIBOSH'S  solution  in  ths  course  of  experiments. 

A  gsnsrallstd  typo  A  botulism  woo  dsvslopsd  in  rabbits  and 
guinea  pigs  by  lntravenoue  injection  of  larger  dossa  of  ths  toxin 
(20,000  Dim  par  1  kg  Of  weight)  und,  in  cats,  ths  typa  B  allentlesie 
«SS  dSTslopad  (dosss  of  1,300  to  2,000  Dim  par  kg  of  weight)  , 

Ths  pharmeoodynamlc  offset  of  adrsnalin  on  the  heart  was  checked 
in  tha  following  way. 

As  a  sore  severe  dyspnea  developed  in  poisoned  rabbits  and 
guinea  pigs  (aftsr  2  to  3  hours  following  administration  of  ths 
toxin),  ws  performed  traohsotony  and  applisd  artificial  respiration. 
Than, we  dlaeeoted  on  one  aids  of  ths  nsek  ths  common  oarotid  artery 
and  we  inserted  esnnuie  into  it,  connecting  ths  latter  with  a 
apodal  electrodiaphregn  manometer.  Having  this  manometer  adjusted 
on  4-pfD-7,  we  recorded  the  contractions  of  ths  hesrt.  We  applied 
Injections  of  sdrenelin  into  the  Jugular  vein  ir.  a  quantity  of 
0.3  ml  of  0.1#  solution  per  1  kg  of  weight,  after  2  to  10  hours 
following  the  inoculation.  In  experiments  on  cats,  their  natural 
breathing  waa  oontinuad  and  the  method  of  tracing  contractions  of 
the  heart  was  th**  earns  ae  in  experiments  on  rodents.  The  intoxi¬ 
cation  of  cate  followed  after  13  to  4b  hours. 

We  conducted  the  experiments  on  poisoned  rats*  in  two  eerlee. 

In  the  tii'nX  eerlee,  we  increeeed  artificially,  or  decrease^ the 
intensity  of  adrenergic  reactions  in  poisoned  animal e  by  subject¬ 
ing  them  to  the  action  of  pharmacological  preparations.  We  ueed 
n,  *ctivator»  of  these  reactions;  adrsnalin  (0.2  ml  C .Cl#),  caffeins 
(0.2  ml  20#),  ephadrin*  (0.2  ml  2#),  cooaint  (0.2  ml  i#)  and  dyaen- 
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teric  ▼■coin*  by  FLBINES -SONNE  (0.1  ml).  Ne  used  tetamon-U  (0.2  ml 
1$)  as  inhibitor.  Vs  need  in  th«  eecond  tarias  tha  chol  1  nereactlng 
aystome  as  activators!  choline  chloride  (0.2  el  2$),  aoetylohollne 
chlorida  (0.2  al  0.055*)  and  pilocarpine  (0.2  ml  0.05$).  Then,  we 
checked  tha  clinical  data  pertinently  to  the  therapeutic  effect 
of  thiamine  in  ocnneotion  with  botulism  and  thus  «e  administered 
thiamine  (0.2  ml  0.25$)  to  poisoned  rata.  In  order  to  explain  the 
eynerglem  and  antagonism  In  the  action  of  the  aforementioned  prepa¬ 
rations,  we  adminlatered  them  in  the  following  combinational  a) 
choline  chloride  (0.1  tal  \$)  ♦  thiamine  (o.l  ml  0.25$)i  b)  choline 
*  thiamine  (per  0.05  ml  in  the  same  concentration)  ♦  acetylcholine 
chloride  (0.05  oil  0.05J*)  ♦  tetamon-I  (0.05  ml  15*). 

In  a  series  of  experiments  on  adrsnalectomirsd  poisoned  rats 
we  investigated  the  effects  of  various  doses  (2.5  and  1  mg)  of 
cortisone  and  ephsdrlns.  The  adrenalectomy  w&o  performed  under 
sterile  conditions  in  2  to  12  days  after  a  conducted  sxperlmont. 

The  strength  of  the  effects  of  the  dlacusssd  substancaa  was  de¬ 
termined  according  to  a  difference  between  the  •"ngnitude  of  the 
experimental  and  the  control  ld,^.  The  latter  w&b  determined  ac¬ 
cording  to  the  method  of  REBD  and  WJENCH.  3 ubsequently ,  rate  weighing 
95  to  100  gm  wore  U'lcen  to  experiments  in  groups  (16  to  2  4  needs 
in  saoh) .  One  group  was  aelectsd  for  •  control  experiment  am  these 
animals  received  only  pertinent  doses  of  botulinal  toxin.  Four 

rats  in  remaining  groups  were  test  animals  and  they  received,  in 

x 

addition  to  the  injection  of  toxin,  also  int ramuacular  injection 
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of  the  inveetigattd  pharmacological  preparation* ,  Following  the 
administration,  wa  oonductsd  obaarvationa  for  7  days.  V«  took 
Into  aocoant  th*  involvsd  dseth  period  (daja)  of  animals  and  ths 
general  percentage  of  lethality  for  aaoh  individual  dose  of  toxin, 
on  th*  &ia  of  which  ■*  computed  tha  magnitude  of  ld^.  The  letter 
protvl  .o  b«  O.lZig  of  dry  toxin  for  healthy  rots  of  th*  mentioned 
wulght.  W a  ua*d  the  following  doaages  in  experimenta t  0.266,  0.200, 


0.144.  0.098  and  0.0< 


Inherent  Investigations 


We  aae  in  figure  1  that,  at  early  etagea  after  inoculation 
( 1  to  2  days} ,  while  the  paralytic  botulinal  syndrome  la  still  abaen^ 
tha  autoaatio  activities  of  tha  urine  bladdar  and  atomaoh  do  not 
diffar  froa  tha  noraal  one » .  With  average  pariods  of  development 
of  intoxication  (3d  or  4th  day),  i.e.  during  the  evolution  of 
diatlnot  pareala  in  tha  animal  a1  muscle  apparatus,  automatic  con¬ 
tractions  of  tha  urine  bladder  become  sharply  accelerated,  while 
those  of  tha  etoaaoh  -  depressed.  Finally,  at  a  late  stage,  with 
a  paralysis  fully  developed,  the  automatic  activities  were  sus¬ 
pended  in  investigated  organs.  Ws  psrforasd  2;  sxpsrlmsnts  with 
botulinal  toxin  type  A.  Th#  same  stages  of  impairments  in  auto¬ 
matic  activities  ware  observed  in  17  experiments  on  frogs  poleonsd 
mith  botulinal  toxin  type  B. 

Wo  disorders  in  autosatio  contractions  of  the  urine  bladder 
and  atoaaoh  ware  noted  in  15  control  experimenta  on  frogs  conducts! 
in  the  earn*  manner  on  experimental  animals.  Consequently,  as  botu- 


linal  intoxioation  of  the  A  and  B  typo*  developed  in  tho  organism 
of  frogs,  thm  motivation  of  adresoreaoting  systems  took  place  and 
this  induoed,  at  first,  a  gradual  aooeleration  in  automatio  aotivl 


figure  1  -  Disorders  in  automatic  aotlvities  of  urina  bladdar  (I) 
and  atoaaoh  (11)  In  froga  at  various  period#  following 
administration  of  botulinel  toxin,  a  -  control  on 
normal  anicalei  b  -  automatic  motion  prior  to  appearanoa 
of  oll&loal  symptoms  of  botuliami  o  -  automatic  action 
during  severs  paresis  in  skeletal  muscles;  q  -  automatic 
motion  during  a  full  development  of  the  paralytio  botu¬ 
linal  syadrons.  Bottom:  5-asoond  time  readings. 

ties  of  tha  urina  bladdar  and  tnan,  as  tba  intoxioation  progressiva 
ly  developed,  tha  exhaustion  and  axoluaion  of  activities  followed. 
At  tha  mama  time,  tha  automatio  oontxaotiona  of  the  stomaoh  beli^ 
proteoted  by  tba  cholinergic  aeo banian,  baoame  more  depressed 
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nrary  day  of  tar  tha  inooulation  and  gradually  ondad. 

In  ardor  to  alarlf j ,  whothor  tha  aooaloratad  aotlTlxlao  of  tha 
a4riBomolU|  atrootoraa  ax*  »  naoaaaary  ooapon*nX  a#  lb*  borolinal 
lnloxiontion  in  wam-blooda<.  anlaxla,  wa  parforaad  axparlaanXa  on 
onto  and  raoordad  tha  atlaulaXion  affaota  of  tba  carricoayapathatio 
norm  on  tha  raaplratory  o an tar  and  on  tha  blinking  of  tha  ocular 
nanbrana.  Tha  affaot  of  tha  aynpaXhatio  narra  on  tha  raaplratory 
aantar,  juot  Ilka  tha  autonatlo  aotirity  of  tha  urina  bladdar  In 
froga,  la  protaotad  by  tha  nadiatory  aaohanlaa  -  aynpathin,  wharaao 
tba  affaot  ef  tba  apvpathatlo  narra  on  tha  third  ayalld  doaa  not 
nadargo  any  notioaabla  ohaa|««  undar  tha  lapalrnant  oonditiona  in 
tha  f oraatloa  of  aynpathin,  f  olloring  a  raaoral  of  tba  ohroaaffin 
tlaama  in  tha  ndraaal  *landa. 

Blnoa  tba  axpar Inaota  aara  oonduotad  with  tha  typa  B  boXulinal 
toxin  *  than  at  tho  bnflnnlnc  of  tha  work  wa  nada  a  ooapaxison  of 
tha  nao bnniaa  ef  tha  pathogaoic  affaot  of  tha  typa  B  toxin  with  that 
of  tha  typa  A.  Tha  raaulta  of  tha  lnvaatlgation  of  tha  typa  A  toxin 
warn  publlahad  aarllar.  In  22  axparinanta  with  tba  typa  B  toxin  wa 
nada  tba  following  obaarratlonai  aooording  to  analogy  wixh  tha  typa 
A  toxin,  tba  axoloaion  ef  tba  inhibitory  affaot  of  tha  ragua  narra 
on  tba  baart  took  plaoa  with  a  daralopnant  of  tha  pnraiyiio  boXu- 
liual  ayndrona.  A  preliminary  aaotion  of  ona  of  tha  caixiooayapa- 
tbatio  narra a ,  in  tha  oouraa  of  tha  following  7  axparinanta ,  i.a 
prior  to  adsinlatratioh  of  tha  toxin,  folly  protaotad  tha  paripbarol 
ora*  of  tha  ant-off  narra  Iron  tha  poralytlo  affaot  of  tha  toxin, 


O 


I 


just  like  in  the  oui  of  administered  type  A  botullna]  toxin.  Thus, 
aot  only  the  ollnloal  pioture,  but  elec  the  ceohanlem  of  the  af¬ 
fection  by  botiUinal  t,.iln  type  B  ehowed  ite  ooaplete  Identity  with 
the  motion  of  the  type  A  to'ic. 

The  effeot  of  the  oervioel  truooue  sympetfaloue  on  respiration 
mud  on  the  blinking  membrane  of  the  eye  erne  studied  in  3«°  expert- 
Bents  on  poieoned  anluals,  and  in  14  experiment*  on  healthy  ones. 

At  the  eeuse  time,  we  discovered  in  16  experiaente  that  m  stimu¬ 
lation1^  of  the  preganglionic  fibere  in  the  oerviooeympathetio  nerve 
in  eniael * .  during  a  Aevelopaent  of  the  paralytic  botuilnal  syndrome 
of  a  mild  and  aTarage  severity  (i.e  up  to  the  stage  of  developed 
paresis  In  ekeletal  Bueclea) ,  resulted  in  a  distinct  motivation  of 
the  sympathetic  effeot  on  the  reepiratory  oanter;  the  intensifi¬ 
cation  by  2  to  5  times,  and  the  increase  of  frequency  in  reepiratory 
aovaaenta,  occurred  aveo  in  the  praeenca  of  the  stimulating  current 
of  0.6  to  1  v  (nora:  4  to  10  v;  figure  2). 

In  similar  experiments  substantial  changes  also  appeared  in  the 
type  of  oontraotlonu  of  the  third  eyelid,  namely  e  peeainsufi  of  the 
frequency  during  a  prolonged  stimulation  of  the  nerve  occurred  only 
with  frequencies  of  260  to  31C  cps  (norst  164  to  190  epe)  ,  but  aftwr 
stimulation  of  the  powtgangiionic  fiber  In  the  asms  nerve,  no  ob¬ 
servable  deviation  froa  the  nora  wae  deteoted  in  the  peoeimujo  of 
the  frequency  stimulation;  the  inhibition  of  the  peealmum  followed 
in  all  experiments  with  the  frequencies  of  120  to  200  cpo.  Conee- 

1)  -  Stimulator  3RAXH-1  .  frequency  1  to  780  ope;  the  duration  of 

the  tingle  square  pulse  */»ec. 
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^uantly,  U«  oauas  of  the  frequency  stimulation  displacement  was, 
ebwioumly,  a  change  in  ths  functional  charmoterlstlcs  of  tbs  ganglion 
Itself. 

InotLer  pattern  was  obasirad  with  tbs  development  of  a  ssvsrs 
paaaiytlc  syndrome .  is  a  ruls ,  tbs  sympathetic  sffsot  on  ths  re¬ 
spiratory  osatar  assies  ns  6  sharply  In  16  sxpsriasnts  and,  frequently, 
oollapssd  (wss  flours  2),  tbs  offsets  wsrs  a'ossnt  even  during 
stimulation  of  tbs  sympathetic  nenre  by  tbs  ouxrsnt  of  10  to  40  t. 
ttsaBwblls,  tba  contractions  of  tbs  blinking  as a brans  in  ths  ays  oo- 
ourrsi  la  moat  experiments  in  raaponaa  to  tbs  aaas  stimulating 
currant,  aa  in  previous  axpsrlmanta  (It),  and  only  in  two  experi¬ 
ments  in  raaponas  to  10  v,  Ths  inhibition  of  ths  psssimum  sppsnrsd 
mpproximatsly  in  rsapomas  to  ths  sums  frequencies  (220  to  300  ops). 
Tbs  submitted  data  show  that,  during  a  mors  aavara  intoxication 
with  botulism,  tbs  transmittal  of  tba  stimulation  was  prsssrrad  by 
may  of  the  upj *r  oervlooeyapethetie  ganglion.  Tlgura  2  shows  that 
tbs  etimulaticu  af  ths  csrvioal  eympatbioua  Isads  to  a  contraotlon 
of  tba  third  syalld,  homsvsr  tba  aadiatory  affaot  on  tbs  rssplratory 
esntsr  is  disoomtinued. 

Thus,  In  wars-hleoded  and  odd-blooded  entasis  ths  asdiatory 
oomponast  of  tha  aympatbatio  sffsot  on  tissues  bsoomss  considsrably 
activated  during  tba  initial  stags*  of  botullaal  intoxication,  but, 
as  a  development  of  tha  diaoaaa  progrsssaa,  It  wsaksns  sharply  and 
frequently  disappears.  Ears  tba  question  arises:  la  tbs  dlscon- 
tiamames  of  tba  aympatbatio  sffseta  not  a  resultant  fact  of  tbs 
adramarsaating  structures’  ax’  auatlon  Ana  to  axtrsasiy  atiaulating 


influences  o f  sympathin  (adrenalin )? 

In  connection  with  this,  investigations  of  the  pharmacodynamic 


figure  2  -  Lleordere  tn  the  ayapathetlc  affect  on  reapiratlon  and 
on  the  thinking  membrane  of  tha  aye  in  cate  at  various 
par-lode  following  the  administration  of  botullnal  toxin 
type  B.  a  -  affect  c*  raaplration  following  the  atlma- 
latlon  of  the  cervlcosympathetic  nerve  in  normal  anioala 
( control)!  t  -  the  ease  in  tbe  praaanca  of  observable 
paresis  in  skeletal  maeclaa  (  average  range  of  inoculate  on) i 
c  -  tbe  ease  with  the  development  of  a  severe  paralytic 
syndrome;  d  ~  effect  on  tbe  third  eyelid  following  a 
stimulation  of  tbe  cervicoeympatbetlo  truncue  on  the 
background  of  a  severe  generalised  botullaa  (the  frequen¬ 
cy  of  stimulating  currant  ia  marked  on  tha  ourve) ,  Tina 
mark:  5  seconds. 


affaota  of  adrenalin  ware  conducted  with  tissues  of  animala  in  various 


• 
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atages  of  botulinal  Intoxication.  Tha  object  of  studies  was  the 
heart,  which,  m  we  know,  poeeeesee  •  high  sensitivity  to  humoral 
agents.  le  performed  experlaente  on  cete  with  botulinal  toxin  type 
B  end, on  rebblte  end  guinea  pigs,  with  the  type  A  toxin. 

In  15  experiments  on  eeta,  conducted  during  the  light  and 
average  etagee  of  the  development  of  botulinal  paralytic  ayndroae 
(10  to  28  houre  after  inoculation),  the  heart  reaction  to  intra¬ 
venous  administration  of  O.ijt  adrenalin,  in  0.5  al  dose ,  ehowed  a 
marked  ixrrerelcn.  Also  the  bradycardia  reflex  was  completely  dis¬ 
continued  in  all  16  oontrol  experiments  conducted  on  normal  animals 
ana  the  aooeleretlon  of  rhythmic  cardiac  contractions  followed.  The 

O 

figure  3  -  Toxic  effect  of  adrenalin  on  heart  of  a  rabbit  exposed 
to  botulinal  toxin.  Tiae  aarki  V4  of  a  second.  Arrow 
indicates  an  lr.etant  of  administration  (into  external 
jugular  vein)  of  1  al  of  adrenalin  solution  in  a  oonoen- 
tratlon  of  1x10“^  g,a/tul. 

expreseed  positive  inotropic  effect.,  •oeoruij.g  to  magnitude,  proved 
to  be  close  to  normal  (in  1Y2  -  4  times).  Apparently,  the  abeenoe 
of  bradycardia  reaulted  from  injuries  to  the  vague  nerves’  centers 
et  this  stage  of  lnooulatlon. 

In  10  experiments  involving  a  eevere  etage  of  botulism  (almost 
a  ooaplet#  paralyaie) ,  the  administration  of  analogous  does  of 
adrenalin  (unlike  In  previous  experiments)  resulted  only  in  a  alight 

O 
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lnteaelf icatlon  of  beart  contraction*  (by  14  to  7C5t)  and,  In  bob# 
instances,  tbe  podtive  inotropic  affact  wat  ooiipletely  abeant. 

So werer,  in  tbaaa  experiments,  tha  poaltlva  ohronotroplc  affaot  of 
adrenalin  was  usually  preserved. 

Idwntioal  data  vara  obtained  ioilowing  tea  inoculation  of  16 
rabblta  and  10  guinea  piga  with  tha  typa  A.  botulinal  toxin,  it 
should  ba  notad  that,  in  tha  praaence  of  a  severe  stage  of  Intoxi¬ 
cation  In  rabblta,  one  could  observe  frequently  a  toxic  effect  from 
adrenalin  injections. 

The  results  of  the  experiments  proved  that  tha  administration 
of  adrenalin  within  tha  first  3  to  3V2  hours  after  inoculation 
showed  the  sane  poaltlva  inotropic  and  chronotropic  effects  as  in 
•lailar  sxpsriasnts  on  poisonsd  cats.  Bowsvsr,  the  adnlnlstration 
of  tha  aaae  quantity  of  adrenalin  later  than  tha  indicated  time  (by 
4  to  10  hours  after  inoculation)  caused,  in  most  experiments ,  a 
development  of  acute  cardiac  Insufficiency.  Figure  3  shows  that  the 
injection  of  adrenalin  into  the  blood  caueed  a  brief  positive  ino¬ 
tropic  effect,  but,  2  mlcutee  later,  an  aoute  cardiac  lneuf f lolenoy 
followed  and  deat*  of  tbe  animal  resulted. 

In  12  control  experiments  we  administered,  lnetead  of  adrenalin, 
the  injection  of  aoetylcholine  chloride  (1  ml  O.Cl£),  methionine 
(2  ml  20%),  thiamine  (2  ml  5*) ,  ascorbic  acid  (2  mi  1%)  ,  blood  serum 
of  guinea  pig  (2  ml)  and  antibotullnal  serum  type  A  (25,000  to 
4C,000  BTJ)  i  at  the  same  time,  we  did  not  detect  even  a  single  aaae 
of  a  similar  cardiac  insufficiency. 

Thus,  on  the  bade  of  tbe  conducted  experiments,  we  can  conclude 


that,  Id  the  baa*  of  botulian,  the  motion  of  adranalin,  aa  wall  aa 
tha  sympathetic  affeot, undsrgo  two  phases  of  ohangssi  a  alight 
aotiwation  Id  tha  initial  stages  and  a  conaidarabla  vaakening  during 
a  savers  intoxication.  Apparently,  tha  canaa  of  a  aiailar  diaordar 
la  a  dacliaa  in  tha  capacity  of  adreaoraaoting  structure*  to  raaot 
on  apaolflo  atlnulua,  l.a.  ayapathin  (adrenalin),  te  assume  that 
tha  fnnotional  condition  of  adrenergic  mechanisms  pleye  an  essential 
role  in  the  course  and  severity  of  botulinal  intoxications . 

Proceeding  from  this  hypothaaia,  ws  attempted  to  clarify  a 
point,  ho*  doe*  tha  intanslty  of  adransrgic  procaasee  reflect  itaalf 
in  tha  survival  of  aniaala  pollened  with  a  lethal  doae  of  botulinal 
toxin.  Consequently,  wa  made  experiments  on  rata.  W*  administered 
adrenalin  to  one  group  of  rate  and,  to  tbe  other  group,  the  prepa¬ 
ration*  which  stimulated  the  eyapathetic  section  of  the  nervous 
system  ephedrlne ,  caffeine,  cocaine  and  dysenteric  vaccine  by 
?Ulkl£ -S0XV1.  Cocaine,  In  addition  to  stimulating  the  nervous 
syatea,  alao  caused  a  sensitisation  of  tissue*  to  adrenalin.  Aa  an 
index  of  tha  effectiveness  of  the  exanined  substance*,  we  ueed  the 
difference  between  tha  elsea  of  the  experinental  end  control  ld^. 

Regardless  of  a  quick  inactivation  of  adrenalin  in  the  organic 
dally  injection*  of  adrenalin  possessed  a  considerable  potential 
affect. 

The  ld^j  la  0.034^  ox  dry  toxin  proved  to  be  below  the  control 
standard  (ld^  for  a  group  of  animals  which  received  no  indicated 
preparations) .  A  distinct  potential  offset  was  observes  after  ad¬ 
ministration  of  aphadrir^,  caffeine,  cocaine  and  dysenteric  vaccines 


Vlth  the  administration  of  aphsdrlns,  the  ld^Q  we*  leas  than  0.060^, 

l.e.  more  than  0.064  bale*  the  control*  with  tha  administration 

Q 

of  caffeine,  it  waa  by  0.05C-  below  tha  control*  oocalne:  by  0.01 6_, 

6  m 

and  dyaaotario  vaooineai  by  Q.034~.  C onaequently ,  a  relatively  long 

0 

•timulatlon, produced  in  adreaoreaoting  ayataaa  with  a  single  adalnia- 
tratlon  of  tha  indioatad  aubetanoee , aaveloped  a  conaidarabla  aggra¬ 
vation  in  tha  couraa  of  botulinal  intoxication. 

Tha  nart  aariaa  of  axparlmanta  wara  ictandad  to  clarify  whathar 
tha  gravity  of  tha  diaaaaa  daolinaa  with  tha  inhibition  of  adranargio 
prooaeaaa.  A  similar  inhibition  waa  cauaad  by  a  ganglioblocking 
preparation  of  tetamon-I  (tatraathyl  ammonium  iodlda)  ,  which  blooka 
tha  transmittal  of  impulses  in  sympathetic  and  para aympa tha tic 
ganglions  without  stimulate ng  tha  lattar  first,  Tha  experiments  show* 
that  blocking  of  tha  ayapathatic  aaction  of  tha  nsrvous  system  lends 
to  dapotantlation  affacta  of  botulinal  toxin.  following  tha  admlniu- 
tratlon  of  tatamon-I  ,  tha  ld^  aovad  hlghar  than  that  of  control  by 

0.064  .  Thus,  tha  rseulta  of  thaaa  axparlmanta  proved  again  that 

o 

tha  stimulation  of  adranarglc  ayataaa  in  tha  org&niem  leada  to  a 
potentiation  of  tha  affacta  of  botulinal  toxin. 

Finally,  we  conducted  axparlmanta  deelgned  to  clarify  the  rola 
or  tha  chollnoreactlng  ayataaa  in  dynamics  of  botulinal  intoxication. 
Ta  activated  thaaa  ays  wans  in  poisoned  animals  by  n  puronteral  ad¬ 
ministration  of  choline  chloride,  acetylcholine  chlorl.  or;  pilo¬ 
carpine.  Tha  obtained  result*  indicated  that  choline  chloride  and 
acetylcholine  adminlatarad  to  animals  poleoned  with  botulinal  toxin 


possessed  a  distinct  therapeutic  effect!  the  magnitude  of  the  Id ^ 

*f ter  Injections  of  aoetylcholine  was  0.052w  end  after  administration 

5 

of  choline,  it  went  seen  higher  to  0.076^  above  the  control.  However, 

O 

the  administration  of  pilooarplne  resulted  In  a  distinct  potenti¬ 
ation  effect  of  the  toxini  the  ld^  was  redo  ed  to  C.03C  below 
the  aontrol.  Consequently,  only  aoetyloboli r.t  chloride  end  choline 
chloride  possess  depotentiation  properties. 

Apparently,  the  effectB  of  these  eubstaiuev  can  be  explained 
by  this;  as  they  participate  in  the  trophic  system  of  the  cholinergic 
•eotion  of  the  nervous  system,  they  prevent  the  pathogenic  effect 
of  the  toxin  to  a  certain  extant.  This  conclusion  was  verified  in 
experiments  with  pilocarpine.  The  latter  also  stimulates  the 
cholinereacting  jyateme,  bn  unlike  choline  aid  acetylcholine,  it 
1?  not  u  nutrient  substance  for  neural  tissues.  In  connection  with 
this,  the  stimulation  it  the  cholinereact ive  systems,  as  well  as 
adrenoreactive ,  leads  to  a  distinct  potentiation  of  botulinal  toxin. 

A  specific  trophic  importance  of  choline  substances  was  revealed 
in  four  control  experiments  conducted  on  rets  treated  with  af  etyl- 
choline  chloride.  In  spite  of  the  administered  toxin  tc  these  ani¬ 
mals,  they  did  not  manifest  any  disorders  ir.  the  inhibiting  effect 
of  the  vague  nerve  on  the  heart. 

On  the  basis  cf  obtained  data  we  can  aosun--  that  a  disorder 
in  the  acetylcholine  metabolism  in  the  nervous  system  plays  an  im¬ 
portant  role  in  the  pathogenesis  of  botul  ism  u-.d,  ut  the  r.ume  time, 
the  neural  tlaeuee  obviously  protect  the  opportunity  to  utilize  (for 
their  vital  activities'  the  parenterally  administered  pharmacological 
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acetylcholine,  In  connection  with  this,  we  tried  to  clarify,  whether 
it  ie  poeaible  to  increase  the  resistance  of  organism  to  botulinal  I 

I 

toxin  by  administration  of  preparations,  which  Intensify  the  ajrnthe-  | 
ala  of  acetylcholine,  it  we  iuio*,  thiamine  partlcipatee  in  the 
ayntheaia  of  ace tylohol ine  and,  according  to  one  cllnlca'  report, 

It  ahowa  a  therapeutic  effect  traceable  to  botul  tur.  in  man.-  We  con¬ 
ducted  experiments  with  thiamine  administered  to  poisoned  animals; 
at  the  same  time  we  discovered  that, after  administration  of  thiamine, 
the  magnitude  of  the  ld^Q  *Ba  higher  by  0.01 6^  than  that  of  confol, 
Thus,  it  la  probabla  that  thiamine  is  able  to  activate  the 
formative  prooaasea  of  acetylcholine  during  botulinal  intoxication, 
however  lta  action  i«  less  distinct  than  that  of  choline  and  ace  tyl- 
chollne.  Nex*.,  we  triad  to  renter#  the  cholinergic  processes  dle- 
vturbad  due  to  poisoning  ana  we  administered  a  combination  of  thia¬ 
mine  w 1th  choline.  The  reeulte  of  the  experiments  proved  that,  in 
this  case,  the  ld5c  exceeded  the  control  by  O.Gs4^,  i.e.  the  mixture 
possessed  a  conaiderable  depotentiation  effect,  while  a  combination 
of  choline  ♦  thiamine  ♦  acetylcholine  ♦  tetamon-I  indicated  a  lower 
depotentiation  effect!  1  d^  exceeded  the  control  only  by  0.001^.  We 
are  inclined  to  explain  a  similar  result  by  decreased  quantities 
of  choline  and  acetylcholine  in  the  mixture. 

It  should  be  pcinttd  out  that,  in  order  to  manifest,  their  thera¬ 
peutic  effects,  choline  ohlorlde  and  acetylcholine  chloride  are 
required  to  remain  in  the  organism  for  a  conaiderable  time.  All  our 
attempts^  m4#  according  to  rules  of  experiment^  to  res  tor*  the  lost 
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inhibitor/  offoot  on  th*  heart  in  rabbit*  poisoned  with  botulinal 
toxin  war#  unsuccessful,  and  administration  of  choline  and  acetyl- 
ehollna  Into  th*  blood  stream  proved  fruitless. 

Consequently,  thro#  rules  revealed  themselves  In  the  course 
of  our  investigation  *e  to  tn*  role  of  th*  adrenoreactir..;  and 
chollnerwacting  syetees  during  experimental  intoxication  with  botu- 
llamt  1)  th*  atlaulation  of  edrenoreacting  systems  leads  to  a  notice¬ 
able  potentiation  effect  of  botulinal  toxin  in  the  organiea;  2)  a 
•iallar  *ff*ot  possess  preparations,  which  atimulate  obolinsrssoting 
*y*t*aa,  but  they  ar*  net  used  by  neural  tieauc*  a*  nutritive 
substance*;  3)  choline  chloride  and  acetylcholine  chloride,  in  spite 
of  their  atiaulative  effects  on  chol 1 nereaeting  systems,  show  *  dis¬ 
tinct  iepotentiation  effect  in  the  presenoe  of  experimental  botulism, 
^thi*  indicatee  that  an  Injury  in  th*  cholinergic  section  of  th* 
nervous  system  apparently  occur*  as  a  result  of  its  depressed 
trophism  induced  by  a  disturbance  in  the  aoetylchol ine  metabolism, 
which  is  oaused  in  th*  organism  by  the  toxin. 

Currently,  a  wide  aoceptanoe  received  a  theory  about  the  role 

of  the  hypophysial-adrenalin  system  in  realisation  of  protective 

reactions  in  the  organism  against  various  harmful  effects  (SELfE,i950 

In  connection  with  this,  we  regarded  as  expedient  to  explain  the 

group 

participation  whioh  certain  hormones  of  a  d*sig»at*<JVof  endocrine 
glands  assume  in  the  phenomenon  of  the  potentiation  effect  of  botu- 
Uial  toxin.  It  is  known  that  the  resistance  of  rats  tc  diphtheria 
toxin  la  considerably  reduoed  by  way  of  adrenalectomy  due  to  the 
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lose  of  many  steroid  hormones  in  the  organism. 

The  experiment*  with  botullnal  toxin  were  performed  on  7  group* 
of  rate  ( 1 6  to  20  head*  in  each)  according  to  the  same  method,  as 
in  previous  series.  At  the  same  time,  we  used  three  groups  of  intaot 
animals  to  investigate  the  effects  of  ACTH  16  unite  per  day)  and 
cortisone  (in  daily  doses  of  2.5  and  1  mg).  We  ueed  the  next  four 
groups  (which  Included  adrenalectonized  animala)  on  the  2nd  and  12th 
day  after  the  operation,  in  order  to  study  the  effects  of  adrenal¬ 
ectomy  on  the  oouree  of  botullnal  intoxication  and,  at  the  Bams 
time,  the  effeote  of  various  doeee  (2.5  and  l  mg)  of  cortisone  and 
the  effects  of  the  vigorously  potentiating  agent  like  ophedrlne  ( in 
the  same  doses) ,  all  on  intact  animals  in  analogous  experiments. 

The  adrenalectomy  reduced  the  resistance  of  rata  to  botullnal  toxin, 
however  toe  effect  of  adrenalectomy  was  considerably  milder  in  com¬ 
parison  with  the  effeots  of  sympathomimetic  preparations.  The  ad¬ 
renalectomy  did  not  eliminate  the  potentiating  effect  of  ephedrlne 
and  that  of  a  larger  dose  of  cortisone  (2.5  ^*g)  .  The  administration 
of  cortisone  in  a  does  of  2.5  mg  to  intact  animals  also  induced 
potentiation;  a  slightly  d* potentiating  effect  was  observed  only 
with  1  mg  does.  The  latter  effect  was  preserved  m  acrenaiectotized 
animale.  The  ACTH  injections  brought  negative  rejulte. 

On  the  basis  of  the  experimental  data  we  can  come  to  a  con¬ 
clusion  that,  although  hormones  of  the  hypophysial-adrenalin  system 
are  (to  a  familiar  extent)  involved  in  the  phenomenon  of  potenti¬ 
ation  of  the  pathogenio  effect  of  botullnal  toxin,  yet,  obviously, 
the  basic  role  In  this  process  play  adrenergic  reactions. 


C  oaolunlona 


1.  It  la  obvious  that  the  mechanlt/  of  the  pathogenic  effect 
of  botulinal  toxins  type  A  aud  B  are  identical. 

2.  A  profound  disorder  in  the  synergy  between  the  adrenergic 
and  cholinergic  processes  emerges  in  the  couree  of  botulinal  intoxi¬ 
cation  together  with  the  paralysis  of  cholinergic  serves.  Conse¬ 
quently,  during  initial  stages  of  intoxication,  the  activation  of 
the  adrenergic  effeot  on  tissues  occurs,  and  its  weakening,  or  even 
a  frequent  exclusion,  follows  during  severe  stages.  The  reason  for 

a  siallar  effsot  is  a  daoraasa  in  the  sensitivity  of  tissues  in 
the  effected  organism  to  the  nediatory  component  of  the  sympathetic 
effeot. 

3.  The  artificial  stimulation  of  adranergic  processes  by 

"  pharmacological  or  bacterial  maane  results  in  a  noticeable  potenti¬ 
ation  of  the  pathogenic  effect  of  botulinal  toxin,  whereas  tne  inhi¬ 
bition  of  these  processes  leads  to  a  depoter.t iatlon  of  a  similar 
effect. 

4.  The  preparations  which  stimulate  the  M-cholinereaeting 
systems  possess  the  potentiation  effeot;  however,  choline  chloride, 
acetylcholine  chloride,  thiamine  and  their  combinations  manifest  a 
distinct  depotentiation  affect  with  relation  to  botulinal  toxins. 

5.  The  potentiation  phenomenon  in  the  pathogenic  effect  of 
botulinal  toxin  by  way  of  stimulation  of  adrenergic  processes  dees 
not  undergo  any  substantial  changae  in  adrenalectomized  rats. 

6.  Ths  administration  of  cortisoas-seetate  in  a  aoee  of  1  mg 
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per  0.1  kg  of  an imal'e  weight  produced  ineignif leant  effect  on  the 
survival  of  r*ta  affected  by  botulism,  whereae  the  administration 
of  •  doe*  of  2.5  mg  per  O.l  kg  of  weight  reaulted  in  the  potentiation 
of  th#  #ffect  of  toxin. 

7.  Tne  administration  of  ACTii  in  a  doeo  of  6  unite  per  0.1  kg 
of  animal#’  weight  failed  to  produce  ary  change#  in  the  effect  of 
botulinal  toxin  in  a  doee  administered  *y  uo. 
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An  attaapt  «.**  aada  to  reveal  the  rola  of  mad  later  ccKpcnant 
in  potantiation  of  tha  bctolleni  action.  Tha  author  demonstrated 
that  artificial  stimulation  of  adraaargic  proengoo  in  the  poieoned 
body  by  phorancologlcal  or  bactarial  means  results  In  considerable 
potantiation  of  th*  pathogenic  effect  of  thie  toxin.  Cn  the  contra¬ 
ry,  depression  of  thaee  procceeee  by  a  ganglioblocking  preparation 
(ietamon-I),  or  actuation  of  choltnraactlva  systems  by  c.hoUnctlo- 
rida  and  aoetyloholinechloride  dacreaeea  the  pathogenic  effect  of 


botulism 


